Introduction {#S0001}
============

The potential of plant-derived natural compounds in cancer therapy has receiving increasing attention. Compared with traditional chemotherapeutic drugs, natural compounds derived from plants have significant advantages in their lower genotoxicity, while having antitumor activity.[@CIT0001] Much research has been done on the antitumor effects of natural compounds. For example, Fas ligand, a member of the tumor necrosis factor (TNF) family, can be induced by homoharringtonine, which is isolated from plants of the genus Cephalotaxus, to promote the apoptosis of HL-60 leukemia cells.[@CIT0002] Also, Rehmannia glutinosa oligosaccharide (LRPS) can increase the expression of the p53 gene in Lewis lung cancer cells and regulate their apoptosis.[@CIT0003] Therefore, the study of the mechanisms of plant-derived natural compounds may be helpful in developing new strategies for treating cancers.

Normal mitochondrial function is important for cancer cell survival.[@CIT0004] When mitochondria receive the stimulation signal for apoptosis, there is an increase in mitochondrial membrane permeability via the opening of the mitochondrial permeability transition pore (mPTP). Pro-apoptotic factors, such as cytochrome c (cyt c), are released into the cytoplasm, which initiates the caspase cascade reaction, induces PARP-1 activation, and leads to endogenous apoptosis.[@CIT0005],[@CIT0006] Therefore, evaluating the effects of drugs on mitochondrial function, in cancers and on mitochondrial apoptosis, is an important way to study changes to the apoptosis pathway, induced by natural compounds.

In addition, macrophage autophagy or mitophagy can be changed by direct stimulation by drugs or by impaired mitochondrial function.[@CIT0007] On one hand, in the case of cells with mitochondrial impairment, macrophage autophagy or mitophagy can remove damaged organelles or cytoplasmic proteins, and then play a protective role for tumor cells.[@CIT0008] On the other hand, the same process may also induce autophagic cell death or promote apoptosis. In view of the different potential roles of autophagy in cancers, this study considers how the level of autophagy in cancer cells can be influenced by drugs, and the mechanism of how autophagy affects cell survival may provide new therapeutic targets for natural compounds.

In addition to the mitochondrial apoptosis pathway and autophagy, endoplasmic reticulum (ER) stress is also involved in the regulation of apoptosis. Under various endogenous or exogenous stimuli, misfolded and unfolded proteins accumulate in the ER cavity, and activate the unfolded protein reaction (UPR).[@CIT0009] Excessive ER stress may promote the release of cyt c, initiate the caspase cascade reaction and activate endogenous apoptosis, simultaneously. Excessive ER stress can also activate caspase-4 and cause apoptosis by activation of caspase-3.[@CIT0010],[@CIT0011]

In our study of the antitumor activity of natural compounds, it was found that epoxycytochalasin H, isolated from *Polygonatum sibiricum* (a flowering plant, commonly known as Solomon's seal), could inhibit cell proliferation and promote apoptosis in ovarian cancer cells A2780. This study aimed to elucidate the mechanisms of apoptosis in human ovarian cancer cells induced by epoxycytochalasin H.

Materials and Methods {#S0002}
=====================

Culture and Isolation {#S0002-S2001}
---------------------

The strain of *Phomopsis* sp. was isolated from the tissue of asymptomatic leaf of *P. sibiricum*. We identified the strain through the analysis of internal transcribed spacer (ITS) and morphological examination. Under 25°C condition, fungus was grown for 7 days on potato dextrose agar plates. After cultured, all mycelium was inoculated into an autoclaving sterilized solid medium including a formula of rice (60.0 g) and distilled water (80 mL) in Fernbach flasks (500 mL) for further fermentation at 25°C for another 40 days.

Epoxycytochalasin H Preparation {#S0002-S2002}
-------------------------------

After fermented, the rice substrate was extracted with EtOAc (500 mL×3 times), and the organic solvent was dried under a vacuum to afford the crude extract. The original extract was fractionated on a silica gel column using petroleum ether-acetone (50:1--1:1) progressively to give ten fractions (fraction 1 to fraction 10). The fraction was further purified by semi-preparative HPLC (UV 210 nm, 55% MeOH in H~2~O) to yield Epoxycytochalasin H (9.0 mg, tR 15.2 min).

Cell Culture {#S0002-S2003}
------------

A2780 ovarian cancer cells were purchased from American Tissue Culture Collection (Rockville, MD, USA) and were grown in RPMI‐1640 (Gibco Life Technologies, Carlsbad, CA) supplemented with 10% foetal bovine serum (Invitrogen, Carlsbad, CA) at 37°C with 5% CO~2~.

Cell Viability Assay {#S0002-S2004}
--------------------

A2780 cells were seeded in 96-well plates at a concentration of 8000 cells/well treated with Epoxycytochalasin H for 24 hours. Cellular viability was assessed using an MTT (Sigma‐Aldrich, USA) assay and absorbance values were measured at 490 nm using a Vmax Microplate Reader (Molecular Devices, USA).

Nuclear Staining by Hoechst 33342 {#S0002-S2005}
---------------------------------

40 μg/mL Epoxycytochalasin H treated cells for 24 hours, then fixed with 4% paraformaldehyde for 20 minutes, Hoechst 33342 (2μg/mL) staining for 30 minutes, washed three times with phosphate-buffer solution (PBS), and observed chromatin condensation with ZEISS (imager Z2) fluorescence microscope.

Colony Formation Assay {#S0002-S2006}
----------------------

Cells were seeded at 500 cells per well in 24-well plates. With the treatments of Epoxycytochalasin H, cells continue to grow for a week. And then cells were washed three times with PBS and stained with 0.5% crystal violet. The stain was washed three times with ddH~2~O.

Cell Apoptosis Assay {#S0002-S2007}
--------------------

Flow cytometry can detect early apoptosis and late apoptosis or necrosis of cells by Propidium iodide (PI) and Annexin V (Invitrogen, Carlsbad, CA) staining. Cells were seeded in six-well plates. When cells grew to about 80% confluence, they were treated with20, 40, 60μg/mL Epoxycytochalasin H for 24h. Then cells were collected and stained with propidium iodide (PI) and Annexin V to analyze apoptosis by guava easyCyte flow cytometry (Merck, USA).

Western Blot Analysis {#S0002-S2008}
---------------------

Cultured A2780 cells were trypsinized, washed, and centrifuge at 4500 rpm for 5 min. Cells were lysed in RIPA buffer and boiled in loading buffer. Proteins were separated by SDS-PAGE and transferred to PVDF membrane. Membranes were blocked with skim 5% milk, followed by incubated with primary antibodies overnight at 4°C. The secondary antibodies (Proteintech group, Inc, USA) were incubated for 2h at room temperature the next day. The bound antibody complex was visualized using an ECL substrate kit (Thermo Fisher Scientific, USA) by Syngene Bio Imaging (Synoptics, Cambridge, UK).

Measurement of MitoROS Level {#S0002-S2009}
----------------------------

MitoROS levels were measured using MitoSOX Red mitochondrial superoxide indicator (Thermo Fisher, Scientific, USA). A2780 cells in 24-well plates were treated with Epoxycytochalasin H (20, 40, 60μg/mL) in RPMI‐1640 for 24h. After treatment, cells were incubated with 5μM MitoSOX working solution in the dark at 37°C for 10 min, washed three times with PBS, and micrographs were obtained using ZEISS (imager Z2) fluorescence microscope.

Mitochondrial Membrane Potential Assay {#S0002-S2010}
--------------------------------------

Mitochondrial membrane potential were measured using Mitochondrial membrane potential assay kit with JC-1 (Beyotime Biotech,China). Cells were seeded in six-well plates. When cells grew to about 80% confluence, they were treated with20, 40, 60μg/mL Epoxycytochalasin H for 24h. Then cells were collected and stained with JC-1 to analyze mitochondrial membrane potential by guava easyCyte flow cytometry (Merck, USA).

Results {#S0003}
=======

Identification of Epoxycytochalasin H {#S0003-S2001}
-------------------------------------

H[@CIT0001]-NMR (DMSO-d~6~, 300 MHz): 3.58 (1H, t, J = 7.0, H-3), 2.19 (1H,m, H-4), 1.58 (1H, m, H-5), 2.69 (1H, d, J = 5.5, H-7), 2.31 (1H, dd, J = 9.5, 5.5, H-8), 2.85 (2H, m, H-10), 0.76 (3H, d, J = 7.0, H-11), 1.16 (3H, s, H-12), 6.01 (1H, dd, J = 15.5, 9.5, H-13), 5.60 (1H, m, H-14), 2.06 (1H, m, H-15), 2.59 (1H, q, J = 11.0, H-15), 3.20 (1H, m, H-16), 3.15 (1H, br s, H-19), 3.51 (1H, br s, H-20), 5.61 (1H, br s, H-21), 1.18 (3H, d, J = 6.5, H-22), 1.51 (3H, s, H-23), 7.19 (2H, d, J = 7.5, H-2ʹ, 6ʹ), 7.32 (2H, t, J = 7.5, H-3ʹ, 5ʹ), 7.23 (1H, t, J = 7.5, H-4ʹ), 2.10 (3H, s, Actyl).

C~13~-NMR (DMSO-d~6~, 500 MHz): 175.5 (s, C-1), 54.5 (d, C-3), 51.2 (d, C-4), 36.7 (d, C-5), 57.3 (s, C-6), 62.4 (d, C-7), 44.8 (d, C-8), 50.8 (s, C-9), 45.7 (t, C-10), 12.4 (q, C-11), 19.6 (q, C-12), 131.5 (d, C-13), 131.1 (d, C-14), 37.6 (t, C-15), 41.8 (d, C-16), 216.3 (s, C-17), 76.4 (s, C-18), 59.9 (d, C-19), 52.9 (d, C-20), 72.7 (d, C-21), 19.1 (q, C-22), 21.9 (q, C-23), 136.8 (s, C-1ʹ), 129.0 (d, C-2ʹ, 6ʹ), 129.4 (d, C-3ʹ, 5ʹ), 127.4 (d, C-4ʹ), 20.8 (q, Actyl). ([Figure 1](#F0001){ref-type="fig"}).Figure 1Chemical structure of Epoxycytochalasin H.

Epoxycytochalasin H Inhibited Cell Viability and Induced Apoptosis of Ovarian Cancer Cells A2780 {#S0003-S2002}
------------------------------------------------------------------------------------------------

In order to analyze the effect of Epoxycytochalasin H on cell proliferation, A2780 cells were treated with different concentrations of Epoxycytochalasin H (6.25--100 μg/mL) for 24 h, and cell viability was measured by MTT assay. As shown in [Figure 2A](#F0002){ref-type="fig"}, Epoxycytochalasin H inhibited the viability of A2780 cells in a dose-dependent manner. In order to detect whether the decrease of cell viability was caused by the inhibition of cell proliferation or not, the clone formation assay was used.[@CIT0012] As shown in [Figure 2B](#F0002){ref-type="fig"}, Epoxycytochalasin H reduced the colony numbers of A2780 cells in a dose-dependent manner, suggesting that Epoxycytochalasin H could inhibit the proliferation of A2780 cells.Figure 2Epoxycytochalasin H inhibited the proliferation of A2780 cells and induced cell apoptosis. (**A**) After exposure to 6.25, 12.5, 25, 50, 100 μg/mL Epoxycytochalasin H for 24 h, cell viability was measured by MTT assay. The values were presented as mean ± SD, n =3. (**B**) The clone formation of A2780 cells treated with different concentrations of Epoxycytochalasin H for 7 days. (**C**) A2780 cells were treated with 60 μg/mL Epoxycytochalasin H for 24 h, and Hoechst 33342 was used to detect cell apoptotic chromatin condensation (arrows point to chromatin shrinkage showing apoptosis). Cell morphology was observed by laser microscope. (**D**) The effect of Epoxycytochalasin H induced A2780 cells apoptosis. A2780 cells were treated with different concentrations of Epoxycytochalasin H for 24 h, stained with PI and Annexin V-FITC, and the positive stained cells were counted using FACScan. Data were presented as a mean ± SD, n =3. (**E**) The expression of Cleaved Caspase-3 in A2780 cells treated with 60 μg/mL Epoxycytochalasin H for 6, 12 and 24 h was measured with Western blot. (**F**) The expression of cleaved Caspase-3 was measured with Western blot. Data were presented as a mean ± SD, n =3. \*P\< 0.05.

Next, we investigated whether Epoxycytochalasin H could increase apoptosis of A2780 cell. The morphology of nuclei stained by Hoechst 33342 were observed with fluorescence microscope. As shown in [Figure 2C](#F0002){ref-type="fig"}, chromatin significantly condensed in the Epoxycytochalasin H treated cells compared to the control group. Then, the cell apoptosis was analyzed by flow cytometry. The results showed that Epoxycytochalasin H increased the apoptotic rates in a dose-dependent manner. ([Figure 2D](#F0002){ref-type="fig"}) Finally, we detected the expression of cleaved Caspase-3 in A2780 cells treated with Epoxycytochalasin H, and it found that the expression of cleaved Caspase-3 increased in a time-dependent manner. ([Figure 2E](#F0002){ref-type="fig"}, [F](#F0002){ref-type="fig"})

The above results showed that Epoxycytochalasin H could inhibit the cell viability of A2780 cells, and its cytotoxicity was partly caused by inducing apoptosis.

Epoxycytochalasin H Damaged Mitochondrial Function in A2780 Cells {#S0003-S2003}
-----------------------------------------------------------------

It was well known that impaired mitochondrial function could trigger the mitochondrial pathway apoptosis.[@CIT0013],[@CIT0014] Hence, we tried to analyze whether Epoxycytochalasin H could cause mitochondrial dysfunction and induce apoptosis of the mitochondrial pathway in A2780 cells. Impaired mitochondria could lead to increased production of ROS in mitochondria, damage mitochondrial DNA, and induce apoptosis.[@CIT0015] Therefore, we measured MitoROS levels to reflect mitochondrial function. A2780 cells were treated with different concentrations of Epoxycytochalasin H for 24 h and detected the level of MitoROS by MitoSOX staining. The results showed that red fluorescence gradually increased in a dose-dependent manner ([Figure 3A](#F0003){ref-type="fig"}). Next, JC-1 fluorescent probe was used to detect mitochondrial membrane potential by flow cytometry. As shown in [Figure 3B](#F0003){ref-type="fig"}, A2780 cells treated with Epoxycytochalasin H for 24h, the monomeric form of JC-1 increased and the aggregate form decreased, indicating that the mitochondrial membrane potential decreased in a dose-dependent manner. These results indicated that Epoxycytochalasin H could lead to impaired mitochondrial function in A2780 cells.Figure 3Epoxycytochalasin H damaged mitochondrial function and induced mitochondrial pathway apoptosis. (**A**) MitoSOX was used to detect MitoROS in A2780 cells treated with different concentrations of Epoxycytochalasin H for 24 h. (**B**) The effect of Epoxycytochalasin H induced A2780 cells mitochondrial membrane potential to decrease. A2780 cells were treated with different concentrations of Epoxycytochalasin H for 24 h, stained with JC-1, and the positive stained cells were counted using FACScan. Data were presented as a mean ± SD, n =3. (**C**) Western blot analysis for the expression of Bcl-2 and Bax in A2780 cells treated with 60 μg/mL Epoxycytochalasin H for 0, 6, 12 and 24 h. (**D**) The ratio of Bax/Bcl-2 protein level was measured with Western blot. Data were presented as a mean ± SD, n =3. \**P*\< 0.05.

Further, we detected whether Epoxycytochalasin H could induce mitochondrial pathway apoptosis in A2780 cells. The expression of mitochondrial apoptosis-related proteins were detected by Western blot, and it was found that the ratio of Bax/Bcl-2 increased when cells were treated with Epoxycytochalasin H for 12h and 24h ([Figure 3C](#F0003){ref-type="fig"}, [D](#F0003){ref-type="fig"}).

Epoxycytochalasin H Activated the Autophagy and Mitophagy of A2780 Cells {#S0003-S2004}
------------------------------------------------------------------------

In order to evaluate whether Epoxycytochalasin H could activate the autophagy of A2780 cells, we detected the expression of LC3 protein. The results showed that the expression of p62 was increased after treatment of Epoxycytochalasin H for 12h and 24h, the ratio of LC3-II/LC3-I increased gradually after treatment of Epoxycytochalasin H for 6h.([Figure 4A](#F0004){ref-type="fig"}, [B](#F0004){ref-type="fig"}) Then, we tested whether the increased ratio of LC3-II/LC3-I was caused by autophagy activation or degradation inhibition, cells were treated with lysosomal inhibitor chloroquine (CQ) combined with Epoxycytochalasin H. The results showed that LC3-II/LC3-I was significantly increased in A2780 cells treated with Epoxycytochalasin H and CQ. ([Figure 4C](#F0004){ref-type="fig"}, [D](#F0004){ref-type="fig"}) This indicated that Epoxycytochalasin H could activate autophagy and increased autophagic flux of A2780 cells.Figure 4Epoxycytochalasin H activated autophagy and mitophagy of A2780 cells. (**A**) Western blot analysis for the expression of p62 and LC3 II/LC3 I proteins in A2780 cells treated with 60 μg/mL Epoxycytochalasin H for 0, 6, 12 and 24 h. (**B**) Quantitation of the expression of p62 and LC3 II/LC3 I proteins levels. Data are presented as mean ± SD, n =3, \*P \< 0.05, \*\*P \< 0.01. (**C**) Western blot analysis for the expression of p62, LC3 II/LC3 I proteins in A2780 cells treated with 60 μg/mL Epoxycytochalasin H (Epo) combined with 1μg/mL CQ for 6h. (**D**) Quantitation of the expression of p62and LC3 II/LC3 I proteins. Data are presented as mean ± SD, n = 3, \**P*\< 0.05, \*\**P*\< 0.01. (**E**) Western blot analysis for the expression of Parkin and Pink proteins in A2780 cells treated with 60 μg/mL Epoxycytochalasin H for 0, 6, 12 and 24 h. (**F**) Quantitation of the expression of Parkin and Pink proteins levels. Data are presented as mean ± SD, n =3, \**P*\< 0.05, \*\**P*\< 0.01.

In addition, we evaluated whether mitochondrial induced by Epoxycytochalasin H could activate mitophagy. The expression of Pink1 and Parkin were used to evaluate mitophagy.[@CIT0016],[@CIT0017] The protein expression of Pink and Parkin were significantly increased when A2780 cells treated with Epoxycytochalasin H for 12 h ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}), indicating that the mitophagy of A2780 cells was activated.

Overexpression of Parkin Promoted Apoptosis Induced by Epoxycytochalasin H {#S0003-S2005}
--------------------------------------------------------------------------

In the above study, we found that Epoxycytochalasin H could activate mitophagy. Therefore, we wanted to explore the effect on mitophagy in apoptosis induced by Epoxycytochalasin H. In stably transfected Parkin 293T cells, it was shown that the cell viability of the stably transfected Parkin 293T cells decreased significantly compared with the wild type 293T cells when treated with Epoxycytochalasin H. ([Figure 5A](#F0005){ref-type="fig"}) The expression of anti-apoptotic protein Bcl-2 decreased, and the ratio of Bax/Bcl-2 ratio increased ([Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}). It indicated that overexpression of Parkin could promote apoptosis induced by Epoxycytochalasin H.Figure 5Overexpression of Parkin promoted apoptosis induced by Epoxycytochalasin H. (**A**) After exposure to 10μg/mL, 20μg/mL and40μg/mL Epoxycytochalasin H for 24 h, 293T and 293-Parkin cells were observed by ordinary microscope. (**B**) Western blot analysis for the expression of Bcl-2 and Bax in 293T and 293-Parkin cells treated with 10μg/mL, 20μg/mL and 40 μg/mL Epoxycytochalasin H for 24 h. (**C**) The ratio of Bax/Bcl-2 protein level. The ratio of Bax/Bcl-2 protein level was measured as described above, normalized to those of β-actin. Data were presented as a mean ± SD, n =3. \**P*\< 0.05, \*\**P* \< 0.01.

Epoxycytochalasin H Induced Endoplasmic Reticulum Stress in A2780 Cells {#S0003-S2006}
-----------------------------------------------------------------------

In addition to mitochondrial apoptosis pathway, we wanted to detect whether endoplasmic reticulum apoptosis pathway was involved in Epoxycytochalasin H induced apoptosis of A2780 cells.[@CIT0018] GRP78, as an important endoplasmic reticulum chaperone protein, increased when endoplasmic reticulum stress activated.[@CIT0019],[@CIT0020] As the results shown in [Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}, the expression of GRP78 protein increased in a time-dependent manner after A2780 cells were treated by Epoxycytochalasin H for 6 to 24 h. It indicated that Epoxycytochalasin H activated endoplasmic reticulum stress in A2780 cells.Figure 6Epoxycytochalasin H induced endoplasmic reticulum stress in A2780 cells. (**A**) Western blot analysis for the expression of Grp78 and Cleaved Caspase-4 in A2780 cells treated with 60 μg/mL Epoxycytochalasin H for 0, 6, 12 and 24 h. (**B**) The ratio of Grp78 and Cleaved Caspase-4 proteins level. The ratios of Grp78 and Cleaved Caspase-4 proteins level were measured as described above, normalized to those of β-actin. Data were presented as a mean ± SD, n =3. \**P*\< 0.05, \*\**P*\< 0.01.

Then, we wanted to test whether endoplasmic reticulum stress induced by Epoxycytochalasin H could activate endoplasmic reticulum stress related apoptosis pathway. In response to endoplasmic reticulum stress, Caspase-4, which is an ER-resident caspase, is required for apoptosis induced by endoplasmic reticulum stress.[@CIT0021] It was showed that the expression of cleaved Caspase-4 was increased specially when cells were treated with Epoxycytochalasin H for 6h, and peaked when treated for 12h. It was shown that Epoxycytochalasin H induced the endoplasmic reticulum apoptosis in the A2780 cells.

Discussion {#S0004}
==========

Exploring the antitumor mechanisms of natural compounds may provide new strategies for the treatment of cancer and for overcoming drug resistance. In our study, we observed that epoxycytochalasin H could promote the mitochondrial pathway of apoptosis and ER stress pathways in ovarian cancer cell line A2780, as well as a change in the levels of macrophage autophagy and mitophagy.

Previous research has demonstrated that compounds from *Phomopsis* are able to induce apoptosis in cancer cells.[@CIT0022] In our study, we observed that epoxycytochalasin H could inhibit cell proliferation significantly and induce apoptosis in ovarian cancer cells. Although apoptosis is induced by endogenous and exogenous pathways, functional mitochondria are essential for the survival, growth, proliferation and metastasis of cancer cells.[@CIT0023],[@CIT0024] Therefore, the normal function of mitochondria in tumor cells and the mitochondria-related apoptotic pathway play important roles in the mechanisms of some antitumor drugs.[@CIT0025] According to our data, we found that epoxycytochalasin H could increase the ROS level in mitochondria and decrease mitochondrial membrane potential, which led to the impairment of mitochondrial function. Further, it was shown that epoxycytochalasin H could significantly elevate the ratio of protein Bax/Bcl-2 and the expression of cleaved caspase-3, suggesting that it may induce apoptosis of A2780 cells via the mitochondrial pathway.

In addition, we detected that other apoptotic pathways are involved in regulating apoptosis induced by epoxycytochalasin H. ER is not only the primary intracellular Ca^2+^ pool, but also the site of most protein synthesis, processing, and transport. Under the stimulation of drugs, ER homeostasis was destroyed. This induced the accumulation of misfolded and unfolded proteins in the ER lumen of cells and caused ER stress. The expression of chaperone proteins, such as GRP78, is increased in order to degrade misfolded proteins.[@CIT0026] However, when ER stress is excessive, damage to the cell cannot be alleviated, and apoptosis will be initiated. Therefore, in addition to endogenous and exogenous pathways, ER stress-related apoptosis is an important pathway to regulate apoptosis, overall.[@CIT0027] Therefore, we further investigated ER stress and apoptosis induced by the ER pathway, when cells were treated with epoxycytochalasin H. After treatment, the expression of GRP78 was increased significantly, indicating ER stress. After 6 h of epoxycytochalasin H treatment, the expression of caspase-4 increased, indicating the rapid induction of ER stress, and then ER stress-related apoptosis was observed, in A2780 cells.

In our study, we found that epoxycytochalasin H could impair mitochondrial function in A2780 cells, which may cause changes in autophagy. Furthermore, we observed autophagy of A2780 cells after epoxycytochalasin H treatment. According to the previous work, if autophagy is activated, LC3-I should be cut into LC3-II, and LC3-II should accumulate on the membrane.[@CIT0028] We measured the expression level of LC3-I and LC3-II. The results showed that the ratio of LC3-II/LC3-I was gradually increased after treatment with epoxycytochalasin H. The ratio of LC3-II/LC3-I was further increased when cells were treated with epoxycytochalasin H combined with lysosomal inhibitor CQ, indicating that epoxycytochalasin H could increase autophagic flux, in A2780 cells. At the same time, when the mitochondrial function is impaired, the mitochondrial membrane potential decreases, and PTEN-induced kinase 1 (Pink1) protein degrades slowly and aggregates in the mitochondrial outer membrane.[@CIT0029] Subsequently, Parkin, phosphorylated by Pink1, aggregated onto damaged mitochondria, with other proteins such as ubiquitinated VDAC1, and Mfn2, and became a signal to induce mitophagy.[@CIT0030] Here, the expressions of Pink1 and Parkin were detected, to indicate whether mitophagy was activated. When cells were treated with epoxycytochalasin H for 12 h, the expression of Pink1 and Parkin was increased, indicating that mitochondrial autophagy was activated. Meanwhile, it was noticed that the activation of mitophagy was later than that of macrophage autophagy.[@CIT0031] Moreover, after epoxycytochalasin H treatment for 12 h, the ratio of protein Bax/Bcl-2 and the expression of cleaved caspase-3 were significantly increased, leading to apoptosis, and indicating that epoxycytochalasin H induced mitochondrial autophagy and may promote apoptosis.

To further test whether mitophagy, induced by epoxycytochalasin H, can promote apoptosis, we used HEK293T cell lines, which overexpress Parkin, to detect the level of apoptosis. We found that the ratio of proteins Bax/Bcl-2 was higher in HEK293T cells overexpressing Parkin, suggesting that mitophagy induced by epoxycytochalasin H promoted the apoptosis of A2780 cells.

In conclusion, we evaluated the antitumor activity and mechanism of apoptosis, induced by epoxycytochalasin H, in ovarian cancer cell line A2780. Our results showed that epoxycytochalasin H could inhibit ovarian cancer cell viability, impair mitochondrial function, activate mitophagy and induce the mitochondrial apoptosis pathway. Also, epoxycytochalasin H caused ER stress, and further induced ER stress-related apoptosis. We investigated the mechanism of apoptosis induced by epoxycytochalasin H and found that this plant-derived compound exhibited effective antitumor activity in ovarian cancer cells, by inducing apoptosis of tumor cells through multiple pathways. This may provide a starting point for the development of new anticancer drugs.
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